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•  Changes  In  depth,  width,  and  T-S  structure  of  the  Mediter¬ 
ranean  Intermediate  Water  (MIW)  high  salinity  core  causes  higher 
sound  speed  values  at  depths  between  1750  m  and  2500  m  and 
frequently  causes  the  formation  of  sound  speed  perturbations 
throughout  the  western  South  Atlantic. 

•  Below  about  3000  m  depth,  sound  speed  variability  through¬ 
out  the  western  South  Atlantic  Is  substantially  greater  than  that 
encountered  In  the  North  Atlantic  Oceaq. 


•  This  variability  is  caused  by  northward  flowing,  low  sa¬ 
linity,  near-bottom  Antarctic  Bottom  Water  (AABW)  and  mixing  be¬ 
tween  the  bottom  of  the  MIW  layer  and  the  top  of  the  AABW  layer. 

e  AABW  lowers  near-bottom  sound  speed  values  and  changes 
near-bottom  sound  speed  gradients  throughout  the  western  South 
Atlantic  Ocean. 

t  The  great  sound  speed  variability  encountered  throughout 
the  western  South  Atlantic  Ocean  undoubtedly  has  pronounced  ef¬ 
fects  on  sound  propagation  throughout  the  study  area. 
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SONAR  SPEED  STRUCTURE  OF  THE  WESTERN  SOUTH  ATLANTIC  OCEAN 


I.  INTRODUCTION 


The  sound  speed  structure  of  the  South  Atlantic  Ocean  is  entirely  different 
from  that  of  the  North  Atlantic  Ocean.  This  difference  is  due  to  a  different  circu¬ 
lation  pattern  south  of  the  Equator  and  the  hemispheric  position  of  the  south  Atlan¬ 
tic  Ocean.  In  the  south  Atlantic,  austral  summer  is  defined  as  January  through 
March,  and  austral  winter  is  defined  as  July  through  September.  Figure  1  shows  the 
Marsden  Square  system  for  the  South  Atlantic*  between  the  Equator  and  60°  latitude. 
However,  in  this  report,  orrly  the  region  north  of  45°S  to  50°S  latitude  and  west  of 
the  Mid-Atlantic  Ridge  will  be  discussed  in  terns  of  sound  speed  structure.  All 
sound  speed  profiles  presented  have  been  calculated  using  the  equation  of  Mackenzie 
(1931)  rather  than  the  equation  of  Wilson  (1960),  the  former  being  a  more  accurate 
equation  in  the  opinion  of  the  author. 

II.  SOUTH  ATLANTIC  CIRCULATION 


The  general  circulation  pattern  of  the  South  Atlantic  Ocean  in  relation  to 
underwater  sound  speed  has  been  reported  previously  by  Fenner  (1931)  and  Feuillet 
(1981).  Figure  2  shows  the  surface  circulation  pattern,  of  the  South  Atlantic  after 
Miller  (1966).  Frontal  positions  on  Figure  2  are  from  Defant  (1961)  but  are  largely 
based  on  works  by  Wust  (1936).  In  the  South  Atlantic,  cold  water  circulation  is  gen¬ 
erally  more  pronounced  than  that  found  in  the  North  Atlantic  or  North  Indian  Oceans. 
The  most  important  cold  water  circulation  in  the  South  Atlantic  is  the  West  Wind 
Drift  (part  of  the  Antarctic  Circumpolar  Current).  This  cold  water  circulation  is 
separated  from  the  remainder  of  the  South  Atlantic  by  the  Antarctic  Convergence. 

The  Benguela  Current  transports  large  amounts  of  cold  Antarctic  water  into  the 
eastern  South  Atlantic  off  the  west  coast  of  Africa.  As  the  Benguela  Current  flows 
northward,  it  warms,  undergoes  the  influence  of  Coriolis  force  and,  at  about  15°S 
latitude,  turns  to  the  west  to  form  the  South  Equatorial  Current.  This  warm  water 
current  flows  across  the  Equatorial  Atlantic  to  about  30°W  longitude.  At  30°W,  the 
South  Equatorial  Current  splits  into  two  parts.  The  northern  part  of  the  South 
Equatorial  Current  crosses  the  Equator  and  enters  the  North  Atlantic  Ocean.  The 
southern  part  of  the  South  Equatorial  Current  turns  southward  to  form  the  Brazil 
Current.  The  Brazil  Current  flows  southward  in  the  western  South  Atlantic  to  about 
40°S  latitude  where  it  meets  the  cold,  northward  flowing  Falkland  Current  in  the 
vicinity  of  the  South  Atlantic  Subtropical  Convergence.  The  Falkland  Current  has  no 
counterpart  in  any  other  ocean  and,  according  to  Miller  (1966),  is  either  caused  by 
prevailing  winds  or  the  projection  of  the  tip  of  South  America  into  the  West  Wind 
Drift. 

Althouqh  the  counterclockwise  circulation  pattern  of  the  South  Atlantic  Ocean 
is  moderately  well  developed,  extremely  large  amounts  of  cold  Antarctic  water  are 
carried  into  the  South  Atlantic  by  both  the  Benguela  and  Falkland  Currents.  Other 
than  the  South  Equatorial  Current  and  Brazil  Current,  the  only  other  warm  water  cur¬ 
rents  found  in  the  South  Atlantic  are  the  Guinea  Current  north  of  10°S  latitude  and 
the  Agulhas  Current  south  of  the  Cape  of  Good  Hope.  More  importantly,  the  extreme 
intermixing  between  warm  and  cold  water  currents  that  occurs  off  the  east  coast  of 
South  America  and  south  of  the  Cape  of  Good  Hope  causes  the  formation  of  regions  of 
mesoscale  oceanographic  variability.  Such  variability  could  have  significant  effects 
on  sound  speed  structures. 
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Figure  3  shows  the  core  depth  and  circulation  pattern  of  Antarctic  Intermediate 
Water  (AAIW)  as  it  flows  north  from  the  Antarctic  Convergence  into  the  South  Atlan¬ 
tic  Ocean.  The  flowpaths  shown  on  Figure  3  are  similar  to  those  shown  by  Defant 
(1961).  The  core  depths  of  the  AAIW  salinity  minimum  are  primarily  from  Wust  (1936). 
However,  the  AAIW  low  salinity  core  depths  shown  on  Figure  3  have  been  modified 
using  data  collected  during  the  Canadian  HUDSON-70  Exercise  (Duedall  and  Coote, 
1972)  and  data  collected  during  the  Geochemical  Ocean  Station  (GEOSECS)  Program 
during  1972-1973.  The  HUDSON-70  data  lies  only  in  the  western  South  Atlantic.  The 
GEOSECS  data  comes  from  both  sides  of  the  Mid-Atlantic  Ridge,  and  is  reported  in 
detail  by  Broecker  and  Takahasi  (1981)  for  intermediate  depths  in  the  South  Atlantic 
Ocean.  Similar  AAIW  core  depths  to  those  shown  on  Figure  3  are  given  by  Menzel  and 
Ryther  (1968)  for  the  western  South  Atlantic  between  9°S  and  36°S  latitude  and  for 
the  entire  western  South  Atlantic  by  Buscaglia  (1971).  All  these  sources  indicate 
that  the  major  northward  flow  of  AAIW  in  the  South  Atlantic  lies  west  of  the  Mid- 
Atlantic  Ridge. 

Figure  4  shows  the  southward  flow  of  Mediterranean  Intermediate  Water  (MIW) 
from  the  North  Atlantic  into  the  South  Atlantic  Ocean.  The  depths  of  the  MIW  high 
salinity  core  are  from  the  research  of  Wust  as  reported  by  Defant  (1961),  but  are 
similar  to  those  given  by  Sverdrup,  Johnson,  and  Fleming  (1942).  The  MIW  core  sinks 
by  about  1000  m  as  it  flows  south  from  the  Equatorial  Atlantic  toward  the  South  At¬ 
lantic  Subtropical  Convergence  zone.  Although  MIW  flow  apparently  is  more  pronounced 
west  of  the  Mid-Atlantic  Ridge  in  the  region  north  of  the  Subtropical  Convergence 
zone,  the  MIW  high  salinity  core  is  also  found  east  of  the  Mid-Atlantic  Ridge,  par¬ 
ticularly  in  the  region  south  of  the  Subtropical  Convergence  zone.  South  of  about 
40°S  latitude,  the  depth  of  the  MIW  core  rises  rapidly  due  to  the  influence  of  the 
Antarctic  Convergence.  As  pointed  out  for  the  western  South  Atlantic  Ocean  (south 
of  about  20°S  latitude)  by  Reid,  Nowlin,  and  Patzert  (1977),  the  top  of  the  MIW  high 
salinity  layer  frequently  intermixes  with  the  bottom  of  the  AAIW  low  salinity  layer. 

Figure  5  shows  the  northward  flow  of  the  low  salinity  Antarctic  Bottom  Water 
(AABW)  core  at  depths  greater  than  3500  m.  As  was  the  case  with  AAIW,  the  main 
northward  flow  of  AABW  occurs  west  of  the  Mid-Atlantic  Ridge  over  the  Argentine  and 
Brazil  Plains.  The  northward  flow  of  this  near-bottom  low  salinity  core  is  described 
in  detail  by  Wust  (1957)  and  Wright  (1971).  Both  works  indicate  that  the  primary 
northward  flow  of  AABW  is  west  of  the  Mid-Atlantic  Ridge  in  both  the  South  Atlantic 
Ocean  and  the  North  Atlantic  Ocean.  Northward  flow  of  AABW  in  the  western  South  At¬ 
lantic  Ocean  is  also  discussed  by  Reid,  Nowlin,  and  Patzert  (1977),  who  indicate 
that  the  bottom  of  the  southward  flowing  MIW  layer  frequently  intermixes  with  the 
top  of  the  northward  flowing  AABW  layer,  particularly  in  the  region  south  of  about 
25°S  latitude. 

III.  OBSERVATIONS  DEEPER  THAN  THE  DEEP  SOUND  CHANNEL  AXIS 

Figure  6  shows  the  number  of  austral  summer  observations  per  one-degree  square 
deeper  than  the  deep  sound  channel  (DSC)  axis.  This  figure  is  based  on  data  from 
the  files  of  the  N0RDA  Numerical  Modeling  Division.  Other  existing  summer  data 
include: 

•  HU0S0N-70  Exercise  Nansen  cast  data  extending  from  the  surface  to  the  bot¬ 
tom  collected  in  late  December  1969  and  January  1970  and  listed  in  Bowers  (1971)  and 
Duedall  and  Coote  (1972).  The  late  December  1969  data  extends  southward  along  about 
30°W  from  the  Equator  to  40°S.  The  January  1970  data  lies  east  of  45°W  either  along 
30°W  between  49°S  and  55°S  or  farther  to  the  west  over  the  Argentine  Plain. 
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•  GEOSECS  program  data  tken  in  the  eastern  South  Atlantic  during  February- 
March  1973  and  in  the  western  South  Atlantic  during  December  1972.  These  data  are 
listed  in  Broecker  and  Ostlund  (1979).  Although  neither  HUDSON-70  Exercise  nor 
GEOSECS  program  data  are  shown  on  Figure  6,  USNS  HAYES  T-5  expendable  bathythermo¬ 
graph  (XBT)  data  from  January  and  March  1981  are  shown. 

Figure  7  shows  the  number  of  austral  winter  observations  per  one  degree,  and 
are  exclusively  from  the  files  of  the  NORDA  Numerical  Modeling  Division.  Due  to  cold 
austral  winter  conditions  along  both  the  South  American  and  African  coasts,  the  data 
shown  on  Figure  7  frequently  include  shallow  observations  with  surface-to-bottom 
positive  sound  speed  gradients.  This  situation  is  most  common  between  35°S  and  45°S 
off  the  Argentina  coast  and  south  of  20°S  off  the  South  African  coast. 

Further  investigation  has  indicated  that  considerable  other  data  deeper  than 
the  depth  of  the  DSC  axis  exist  in  the  western  South  Atlantic  north  of  55°S  that  are 
not  in  the  NORDA  Numerical  Modeling  Division  files  and  are  not  shown  on  Figure  6  or 
Figure  7.  These  data  Include  the  following: 

•  Austral  winter  conductivity-temperature-depth  (CTD)  profiles  and  T-7  XBT 
profiles  collected  south  of  40°S  and  west  of  45°W  by  the  R/V  ATLANTIS  II  durinq 
August-September  1980.  These  data  generally  lie  in  Marsden  squares  449,  484,  and 
485  (see  Fig.  1)  and  have  been  published  by  Georgi ,  Piola,  and  Galbraith  (1981)  and 
by  Piola,  Georgi,  and  Stalcup  (1981). 

•  Austral  summer  salinity-temperature  depth  (STD)  profiles  collected  in 
Marsden  square  412  by  R/V  CONRAD  during  March  1981  that  have  been  published  by 
Georgi,  Amos,  Draganovic,  and  Raymer  (1979). 

•  Austral  winter  T-5  XBT  profiles  collected  in  Marsden  square  339  by  R/V 
ALTE  CAMARA  during  July  1981.  These  data  are  available  from  either  the  author  or 
the  NRL  Acoustics  Division. 

•  Austral  summer  T-5  XBT  and  conductivity-temperature-depth-sound  velocity 
(CTD/SV)  profiles  collected  by  the  USNS  HAYES  during  February  1981  south  of  35°S  and 
west  of  40°W.  These  data  also  are  available  from  either  the  author  or  the  NRL  Acous¬ 
tics  Division. 

The  .USNS  HAYES  completed  an  austral  summer  cruise  (January  1982)  north  of  the 
Victoria  Seamounts  taking  T-5  XBTs  in  Marsden  Squares  303,  338,  and  339.  The  temp¬ 
erature  printouts  of  these  data  have  been  provided  to  the  author  by  Norman  Cherkis 
of  the  NRL  Acoustics  Division  (personal  communication)  and  will  be  converted  into 
sound  speed  profiles  at  request  and  distributed  to  interested  parties  as  required. 
It  is  the  opinion  of  the  author  that  further  investigations  will  uncover  additional 
data  from  both  austral  summer  and  austral  winter  that  are  not  currently  available  in 
the  NORDA  data  files  for  the  entire  South  Atlantic  Ocean. 

I V .  WESTERN  SOUTH  ATLANTIC  SOUND  SPEED  CROSS-SECTIONS 

Figure  8  shows  the  location  of  the  five  western  South  Atlantic  sound  speed 
cross-sections  investigated  in  this  report.  These  cross-sections  are  identified  on 
Figure  8  according  to  location  and  season.  Cross-sections  A  and  C  are  for  both 
austral  summer  and  austral  winter;  cross-section  B  is  for  austral  winter  only. 
Cross-section  A  extends  diagonally  from  45°S,  52°W  across  the  Argentine  and  Brazil 
Plains  to  the  Equator  at  15°W.  Cross-section  B  extends  due  north  along  30°30'W  from 
45°S  to  the  Equator.  Cross-section  C  extends  due  north  along  46°30'W  from  50°S 
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Figure  8.  Location  of  Western  South  Atlantic  Sound  Speed  Cross-Sections 


across  the  Argentine  Plain  to  the  Brazil  coast  (about  24°S).  Bathymetry  along  all 
five  cross-sections  was  mainly  derived  from  the  NRL  Acoustic  Division  chart  entitled 
"Bathymetry  of  the  South  Atlantic"  (Perry, 1980).  However,  when  necessary,  bathym¬ 
etry  from  this  chart  has  been  supplemented  with  Naval  Oceanographic  Office  (NAV- 
OCEANO)  Standard  Navy  Ocean  Area  charts  SA-1 ,  SA-3,  SA-3A,  SA-5,  and  SA-5A  and  from 
depth  observations  made  when  each  individual  profile  was  collected.  All  bathymetry 
used  in  the  five  cross-sections  has  been  corrected  using  the  tables  of  Matthews 
(1939). 

V.  SOUND  SPEED  STRUCTURE  ALONG  CROSS-SECTION  A 

The  sound  speed  profiles  shown  on  the  sumner  diagonal  cross-section  (Fig.  9) 
and  the  winter  diagonal  cross-section  (Fig.  10)  are  identified  in  Tables  1  and  2, 
respectively.  Summer  profiles  3  through  11,  14,  and  15  represent  T-5  XBTs  collected 
by  the  USNS  HAYES  during  either  January  or  March  1981.  These  XBTs  were  converted 
into  sound  speed  profiles  by  the  author  using  the  Mackenzie  equation  and  nearby 
historical  summer  salinity  data.  All  sound  speed  profiles  used  to  construct  Figures 
9  and  10  were  extended  to  correct  bottom  depth  using  nearby  summer  or  winter  data, 
as  available. 

« 

Cross-section  A  starts  at  the  southern  edge  of  the  South  Atlantic  Subtropical 
Convergence  zone,  but  considerably  north  of  the  Antarctic  Convergence  (see  Fig.  2). 
In  the  near-surface  layer,  cross-section  A  is  under  the  influence  of  the  cold  Falk¬ 
land  Current  over  the  first  500-600  nmi  during  both  summer  and  winter.  Both  diagonal 
cross-sections  leave  the  influence  of  the  Subtropical  Convergence  zone  at  about 
32°S,  40°W.  During  both  summer  and  winter,  the  Subtropical  Convergence  zone  causes  a 
rapid  deepening  to  the  north  of  both  the  depth  of  the  DSC  axis  and  critical  depth. 
This  rapid  increase  is  most  pronounced  within  the  first  600  nmi  on  the  winter  diago¬ 
nal  (Fig.  10).  Over  the  first  600  nmi,  during  the  winter,  the  depth  of  the  DSC  axis 
increases  from  250  m  (profile  1)  to  1020  m  (profile  4),  and  critical  depth  increases 
from  620  m  (profile  1)  to  4520  m  (profile  4).  All  four  of  these  winter  profiles  lie 
south  of  the  Rio  Grande  Plateau  over  the  Argentine  Plain. 

In  the  near-surface  layer,  winter  cross-section  A  (Fig.  10)  is  far  more  compli¬ 
cated  oceanographical ly  than  summer  cross-section  A  (Fiq.  9),  particularly  in  the 
area  south  of  about  35°S  latitude  over  the  Argentine  Plain  and  the  southern  slope  of 
the  Rio  Grande  Plateau.  As  shown  by  Cheney  and  Marsh  (1981),  this  portion  of  the 
western  South  Atlantic  is  a  region  of  intense  mesoscale  variability  in  which  eddy 
formation  can  be  expected  throughout  the  year.  Eddy  formation  is  not  apparent  along 
summer  cross-section  A,  but  does  occur  along  winter  cross-section  A  (Fig.  10). 
Winter  profile  2  (at  a  range  of  200  nmi)  is  clearly  a  different  type  of  sound  speed 
profile  than  either  winter  profile  1  (range  of  0  nmi )  or  winter  profile  3  (range  of 
350  nmi).  This  difference  probably  is  the  result  of  a  warm,  anticyclonic  eddy  formed 
south  of  the  Subtropical  Convergence  during  September  1962.  This  warm  eddy  most 
likely  represents  an  intrusion  of  the  warmer  Brazi  1  Current  into  the  colder,  near¬ 
surface  regime  of  the  Falkland  Current.  As  indicated  in  Table  2,  winter  profiles  2 
and  3  were  taken  only  four  days  apart  on  4  and  8  September  1962.  Winter  profile  1 
was  also  taken  during  September  1962.  As  shown  in  Figure  17,  winter  profile  3  is  of 
an  entirely  different  shape  than  either  profiles  1  or  2,  and  more  closely  resembles 
winter  profiles  4  and  6,  both  taken  during  July  1960  within  the  wanner  regime  of  the 
Brazil  Current. 

The  depth  of  the  DSC  axis  along  both  the  summer  and  winter  cross-sections 
roughly  corresponds  with  the  depth  of  the  AAIW  salinity  minimum.  As  shown  on 
Figure  3,  the  AAIW  low  salinity  core  lies  at  a  maximum  depth  of  about  1000  m  for 
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Table  1.  Identification  of  Profiles  for  Summer  Cross-Section  A 


\ 

i 


PROFILE  LAT 
NUMBER  (OS) 

LONG 

1  (°W) 

DATE 

MAX 

DEPTH 

(M) 

RANGE  FROM 

45°S.  52°W  (NM) 

COR.  BOTTOM 
DEPTH  (M) 

1 

44°00 ' 

51°00' 

21  Mar  1959 

5032 

80 

5370 

2 

38°00' 

45°50‘ 

4  Mar  1961 

1970 

510 

5110 

3 

33°17‘ 

42056' 

24  Jan  1981 

1821 

825 

4512 

4 

32°50' 

41018' 

24  Jan  1981 

1813 

890 

4502 

5 

31013' 

39029' 

23  Jan  1981 

1821 

1010 

4245 

6 

29°40 ' 

37°42 ' 

22  Jan  1981 

1806 

1160 

4114 

7 

27°53 ' 

36056' 

22  Jan  1981 

1825 

1300 

4409 

8 

25°59 1 

35°03 ' 

21  Jan  1981 

1815 

1415 

4239 

9 

23°48' 

34°02 ' 

21  Jan  1981 

1737 

1490 

4475 

10 

20°31' 

32031' 

20  Jan  1981 

1814 

1660 

4438 

11 

19018' 

31058' 

20  Jan  1981 

1616 

1740 

4165 

12 

18O00' 

29O00' 

19  Mar  1959 

5065 

1910 

5111 

13 

15049 ' 

28°40 ' 

19  Mar  1959 

5124 

2020 

5397 

14 

14O02 ' 

25°01' 

18  Mar  1981 

1742 

2230 

5644 

15 

12°02 ' 

23020' 

14  Mar  1981 

1778 

2400 

5659 

16 

8°  16' 

21°02' 

17  Mar  1957 

5310 

2650 

5386 

17 

2°40' 

16031' 

2  Jan  1927 

4345 

3070 

4864 

Table  2.  Identification  of  Profiles  for  Winter  Cross- 

Section  A 

PROFILE 

NUMBER 

LAT 

_  (°s) 

LONG 

(°W) 

OATE 

MAX 

DEPTH 

(M) 

RANGE  FROM 
450S.  52°W  (NM) 

COR.  BOTTOM 
DEPTH  (M) 

1 

45038' 

52°50 ' 

23  SeD  1962 

1992 

0 

5398 

2 

42O04' 

50°05' 

4  Sep  1962 

1635 

200 

4888 

3 

40°53 ' 

46033' 

8  SeD  1962 

1483 

350 

5207 

4 

36°30 ' 

46043' 

12  Jul  1960 

620 

4512 

5 

31°00' 

40°04 ' 

7  Jul  1960 

1000 

4209 

6 

29°51 ' 

38°00 ' 

7  Jul  1960 

3704 

1130 

4005 

7 

23°36 ' 

31048' 

7  Jul  1926 

4626 

1540 

5079 

8 

16°20' 

29017- 

15  Aug  1963 

2598 

1980 

4774 

9 

14°03' 

26®24' 

14  Aug  1963 

2355 

2190 

5057 

11°04' 

21°08' 

12  Sep  1963 

5112 

2520 

5202 

11 

5001* 

19°57 ' 

10  Sep  1963 

5371 

2850 

5524 

12 

20Q1' 

15°01 ' 

9  Sep  1963 

3700 

3160 

3066 

15 


both  the  summer  and  winter  diagonals.  The  deepest  depth  for  the  DSC  axis  along 
cross-section  A  is  for  summer  profile  6,  where  the  depth  of  the  DSC  axis  lies  at 
1160  m,  nearly  300  m  deeper  than  the  depth  of  the  AAIW  low  salinity  core. 

The  effects  of  the  MIW  high  salinity  core  are  observable  on  most  of  the  pro¬ 
files  used  to  construct  summer  cross-section  A  (Fig.  9)  and  winter  cror‘:  section  A 
(Fig.  10).  As  indicated  on  Figure  4,  the  MIW  core  was  found  at  depths  between  about 
1750  m  and  2500  m  along  both  cross-sections.  The  MIW  core  generally  caused  higher 
sound  speed  and  sound  speed  perturbations.  These  perturbations  are  particularly 
noticeable  along  summer  cross-section  A  for  profiles  over  the  Rio  Grande  Plateau  and 
Victoria  Seamounts  Rise  (i.e.,  profiles  3  through  10),  but  perturbations  caused  by 
the  MIW  layer  are  also  noticeable  over  both  the  Brazil  Plain  and  Argentine  Plain. 
Similar  perturbations  are  also  evident  along  winter  cross-section  A.  As  noted  by 
Buscaglia  (1971),  the  top  of  the  MIW  layer  frequently  intermixes  with  the  bottom  of 
the  AAIW  layer  throughout  the  western  South  Atlantic  Ocean.  This  intermixing  may  be 
present  for  many  of  the  sound  speed  irregularities  found  on  both  Figures  9  and  10  at 
depths  between  about  1000  m  and  2000  m. 

AABW  effects  on  sound  speed  profiles  also  are  apparent  on  both  Figures  9  and 
10.  These  effects  are  particularly  noticeable  for  profiles  over  the  Rio  Grande  Pla¬ 
teau  and  to  the  south  of  the  Rio  Grande  Plateau  over  the  Argentine  Plain.  However, 
some  AABW  effects  on  near-bottom  sound  speed  gradients  are  apparent  over  the  Brazil 
Plain  just  north  of  the  Victoria  Seamounts  Rise  (profile  14  on  Fig.  9).  Farther  to 
the  north,  an  AABW  effect  on  the  near-bottom  sound  speed  gradient  is  apparent  just 
south  of  the  CHAIN  Fracture  Zone  (profile  17  on  Fig.  9).  Similar  near-bottom  ef¬ 
fects  are  not  as  apparent  over  the  Brazil  Plain  on  the  winter  diagonal  (Fig.  10), 
probably  due  to  the  positions  of  the  winter  sound  speed  profiles.  However,  in  terms 
of  temperature  and  salinity,  AABW  is  present  over  the  Brazil  Plain  during  both 
seasons . 

VI .  SOUND  SPEED  STRUCTURE  ALONG  CROSS-SECTION  B 


The  sound  speed  profiles  shown  in  Figure  11  are  identified  in  Table  3  and  rep¬ 
resent  the  best  austral  winter  data  available  north  of  45°S  between  29°W  and  31°W. 
As  'indicated  on  Figure  7,  there  is  an  extreme  paucity  of  winter  data  between  29°W 
and  30°W  south  of  30°S.  However,  as  shown  on  Figure  6,  there  is  absolutely  no  avail¬ 
able  summer  data  that  corresponds  to  the  location  of  cross-section  B. 

Figure  11  starts  just  south  of  the  South  Atlantic  Subtropical  Convergence  zone 
but  north  of  the  Antarctic  Convergence  in  a  cold  water  regime  influenced  in  the 
near-surface  layer  by  mixing  of  the  cold  Falkland  Current  with  warmer  waters  of  the 
Brazil  Current  (see  Fig.  2).  Profiles  1,  2,  and  3  are  located  south  of  the  southern 
limit  of  the  Subtropical  Convergence  zone  while  profiles  4,  5,  and  6  lie  within  the 
zone  itself.  Actually,  profile  6  lies  on  the  northern  edge  of  the  Subtropical  Con¬ 
vergence  zone  and  displays  a  surface  sound  speed  of  nearly  1520  m/sec  caused  by  the 
warming  influence  of  the  Brazil  Current.  North  of  profile  6  (29°15'S,  30°30'W),  pro¬ 
files  7  through  14  show  surface  sound  speeds  between  1530  m/sec  and  1540  m/sec  and 
have  sonic  layers  that  are  considerably  shallower  than  found  on  profiles  farther  to 
the  south.  Although  the  first  five  sound  speed  profiles  used  to  construct  Figure  11 
were  collected  during  September  1958  (see  Table  3),  there  are  no  eddies  apparent  in 
the  first  500  nmf  along  30°W.  However,  eddies  could  be  expected  to  form  during  both 
summer  and  winter  within  the  limits  of  the  Subtropical  Convergence  zone. 


16 


- f - 1 - 

trt  n 

LATlTUOC  ft)  UOM  WM'l 


MU 

tun 


it 


wont 


•  ALL,  SOUND  SKIDS  CALCULATED  USttlC 
MACKENZIE  EQUATION 

•  CONNECTED  DOTTOM  f  NQM  EITnEN  NHL 
ACOUSTIC  DIVISION  ON  MNOCEANO 
•A7MTMCTAK  CHANTS 

•  sound  skid  norms  »  ano  h 

NOT  ONMn 


Figure  11.  Sound  Speed  Cross-Section  B  for  Austral  Winter 
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3oth  critical  depth  and  the  depth  of  the  DSC  axis  increase  rapidly  to  the  north 
in  the  region  just  south  of  the  Rio  Grande  Plateau  (i.e.,  south  of  29°-30°S  lati¬ 
tude).  The  northward  increase  in  critical  depth  continues  over  the  Brazil  Plain  un¬ 
til  a  maximum  critical  depth  of  5420  m  occurs  on  profile  13  at  about  5°S  latitude. 
The  depth  of  the  DSC  axis  varies  to  the  north  from  a  minimum  of  400  m  at  45°S  (pro¬ 
file  1)  to  a  maximum  of  975  m  at  29°S  (profile  6).  North  of  about  15°S,  the  depth 
of  the  DSC  axis  is  relatively  constant  at  800  m.  Along  the  entire  cross-section,  the 
depth  of  the  DSC  axis  lies  within  100  m  to  200  m  of  the  depth  of  the  low  salinity 
AAIW  core.  The  AAIW  core  depth  varies  from  300-600  m  on  profile  1  to  about  900  m  on 
profile  6.  Both  of  these  profiles  lie  south  of  the  Rio  Grande  Plateau.  North  of  the 
Rio  Grande  Plateau,  the  AAIW  core  lies  between  800  m  and  900  m  south  of  10°S  lati¬ 
tude.  North  of  10°S  latitude,  the  AAIW  core  depth  becomes  shallower  than  800  m,  as 
is  also  indicated  on  Figure  3.  This  is  substantiated  by  an  AAIW  salinity  minimum  of 
600  m  for  profile  14  (located  at  1°50'S,  30°26'W).  However,  even  for  profile  14, 
the  depth  of  the  DSC  axis  lies  at  800  m. 

The  effects  of  the  MIW  high  salinity  core  are  apparent  on  many  of  the  profiles 
used  to  construct  Figure  11.  The  MIW  core  was  found  between  2300  m  and  2500  m  for 
profiles  1  through  8,  but  occurred  at  1580  m  for  profile  10  and  at  depths  shallower 
than  2000  in  for  profiles  12,  13,  and  14.  In  all  cases,  MIW  caused  somewhat  higher 
sound  speeds  than  would  have  been  found  in  the  absence  of  the  wanner,  high  salinity 
core  and  frequently  led  to  the  formation  of  a  sound  speed  perturbation.  This  per¬ 
turbation  is  apparent  for  profiles  on  either  side  of  the  Rio  Grande  Plateau  and  the 
Victoria  Seamounts  Rise,  but  is  most  noticeable  on  profiles  4,  12  and  13.  It  should 
be  noted  that  the  top  of  the  southward  flowing  MIW  layer  can  and  does  mix  with  the 
bottom  of  the  northward  flowing  AAIW  layer  throughout  the  western  South  Atlantic 
Ocean.  This  intermixing  has  been  observed  along  30°W  longitude  by  Duedall  and  Coote 
(1972)  and  throughout  the  western  South  Atlantic  Ocean  by  Buscaglia  (1971).  In  the 
presence  of  this  intermixing,  the  MIW  sound  speed  perturbation  can  disappear.  The 
effects  of  the  near-bottom  AABW  low  salinity  minimum  are  also  apparent  on  many  of 
the  sound  speed  profiles  used  to  construct  Figure  11.  As  was  expected,  AABW  caused 
lower  sound  speeds  and  modified  sound  speed  gradients  just  above  the  bottom  south  of 
the  Rio  Grande  Plateau  and  over  the  Brazil  Plain.  These  effects  are  apparent  on 
profiles  4  and  5  (just  south  of  the  Rio  Grande  Plateau),  on  profiles  7  and  10  (over 
the  Brazil  Plain),  and  on  profile  14  (at  1°50'S,  near  the  Romanche  Fracture  Zone). 
Profile  7  lies  just  north  of  the  Vena  Channel,  a  principal  near-bottom  gap  on  the 
western  side  of  the  Rio  Grande  Plateau  through  which  AABW  passes  as  it  moves  north¬ 
ward  in  the  western  South  Atlantic  Ocean.  AABW  flow  through  and  in  the  environs  of 
the  Verna  Channel  is  discussed  in  detail  by  Johnson,  McDowell,  Sullivan,  and  Biscayne 
(1976).  The  presence  of  AABW  would  also  be  expected  in  the  region  of  the  Romanche 
Fracture  Zone  as  the  near-bottom  flow  moves  to  the  northwest  between  the  Brazil 
coast  and  the  Mid-Atlantic  Ridge  (see  Fig.  5).  In  this  region,  some  intermixing 
between  the  bottom  of  the  MIW  layer  and  the  top  of  the  AABW  layer  might  also  be 
expected.  Such  an  intermixing  has  been  observed  over  the  Argentine  Plain  by  Reid, 
Nowlin,  and  Patzert  (1977),  as  will  be  discussed  further  in  a  following  section. 

VII.  SOUND  SPEED  STRUCTURE  ALONG  CROSS-SECTION  C 

The  sound  speed  profiles  used  to  construct  Figure  12  (summer)  and  Figure  13 
(winter)  are  identified  In  Tables  4  and  5,  respectively.  As  shown  in  Figures  6 
and  7,  the  data  used  to  construct  the  summer  and  winter  sound  speed  cross-sections 
along  46°30'W  represent  the  best  and  most  eastern  data  available  over  the  Argentine 
Plain  between  45°S  latitude  and  the  Brazil  coast.  Both  cross-sections  start  within 
the  South  Atlantic  Subtropical  Convergence  zone  but  north  of  the  Antarctic  Conver¬ 
gence  at  about  50°S  latitude  (see  Fig.  2).  Both  cross-sections  begin  within  the  cold 
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Figure  12.  Sound  Speed  Cross-Section  C  for  Austral  Summer 
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Figure  13.  Sound  Speed  Cross-Section  C  for  Austral  Winter 
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Table  4.  Identification  of  Profiles  for  Summer  Cross-Section  C 


PROFILE 

NUMBER 

LAT 

(°S) 

LONG 

(°H) 

DATE 

MAX. 

DEPTH 

(M) 

RANGE  FROM  50°S 
(NMI) 

COR.  BOTTOM 
DEPTH  (M) 

1 

48°28 1 

47°22 ' 

18  Mar  1959 

5640 

90 

5786 

2 

45°08' 

47° 14 ' 

31  Mar  1964 

1652 

310 

5122 

3 

43c56‘ 

48°06 1 

20  Mar  1959 

4700 

360 

5010 

4 

38°00 1 

45°50‘ 

14  Mar  1961 

1970 

720 

5110 

5 

32°56' 

46°07 1 

15  Mar  1967 

3739 

1029 

3965 

6 

27°09' 

46°10' 

25  Mar  1967 

1406 

1370 

1794 

Table  5.  Identification  of  Profiles  for  Winter  Cross-Section  C 


PROFILE  LAT  LONG 

NUMBER  f°S)  (°W) 


49048 1  40°03 1 

45°17‘  47031' 


43°04'  45O08’ 


40°53'  46°33 1 


36°30 1  46°43' 


32°09 '  46°21 ' 


28°37‘  45°38' 


MAX. 
DEPTH 
M 


RANGE  FROM  50°S  COR.  BOTTOM 
'NMI)  DEPTH  (M 


12  Aug  1963 
24  Auq  1962 


6  Sep  1962 


8  Sep  1962 


12  Jul  1960 


10  Sep  1960 


26  Aug  1925 


water  regime  of  the  Falkland  Current  prior  to  its  initial  mixing  with  the  warm 
waters  of  the  Brazil  Current.  This  cold  water  influence  is  most  apparent  on  the 
winter  cross-section  (Fig.  13)  in  the  surface  expression  of  both  critical  depth  and 
the  depth  of  the  DSC  axis  found  on  profile  1.  Although  the  actual  position  of  winter 
profile  1  is  49°48'S,  40°03'W  and  the  profile  lies  considerably  east  of  the  other 
profiles  used  to  construct  the  winter  sound  speed  cross-section,  it  is  representa¬ 
tive  of  winter  oceanographic  conditions  at  50°S,  46°30'W.  This  was  determined  by 
comparing  the  temperature  and  salinity  structures  measured  by  the  R/V  ATLANTIS  II  at 
52°S,  47°W  during  August  1980  (published  by  Georgi,  Piola,  and  Galbraith,  1981).  The 
compared  structures  were  found  to  be  almost  identical.  During  summer  (Fig.  12), 
near-surface  warming  caused  a  surface  sound  speed  that  is  about  42  m/sec  higher  than 
that  observed  during  winter.  Summer  surficial  warning  also  led  to  shallower  sonic 
layer  depths  along  most  of  the  summer  cross-section  than  those  observed  along  the 
winter  cross-section. 

Both  the  depth  of  the  DSC  axis  and  critical  depth  increased  rapidly  to  the 
north  along  the  summer  and  winter  cross-sections.  During  both  seasons,  the  depth  of 
the  DSC  axis  lay  near  the  depth  of  the  AAIW  salinity  core.  This  would  be  expected 
since  cross-section  C  lies  in  the  far  western  South  Atlantic  over  a  primary  north¬ 
ward  flow  of  AAIW  (see  Fig,  3).  During  summer  (Fig.  12),  the  depth  of  the  DSC  axis 
varied  from  a  minimum  of  420  m  on  profile  2  to  a  maximum  of  1100  m  on  profile  5.  For 
summer  profile  2,  the  AAIW  low  salinity  minimum  lay  between  337  m  and  458  m.  For 
summer  profile  5,  the  AAIW  low  salinity  core  lay  at  800  m.  During  winter  (Fig.  13), 
the  depth  of  the  DSC  axis  varied  from  the  surface  on  profile  1  to  approximately 
1000  m  on  profiles  b,  6,  and  7.  For  winter  profile  1,  the  AAIW  salinity  minimum  lay 
at  53  m,  but  sank  to  a  maximum  depth  of  886  in  for  winter  profile  7.  Such  a  rapid 
and  radical  change  in  the  depth  of  the  AAIW  low  salinity  core  would  be  expected  as 
the  core  crossed  the  Subtropical  Convergence  zone  (between  about  35°S  and  45°S  along 
46°30'W).  Therefore,  the  depth  of  the  DSC  axis  is  strongly  controlled  by  the  AAIW 
temperature  and  salinity  structure  along  cross-section  C  during  both  seasons,  a 
similar  situation  to  that  observed  along  cross-sections  A  and  B. 

As  would  be  anticipated  from  the  location  of  cross-section  C,  the  rapid  north¬ 
ward  increase  in  critical  depth  was  far  more  marked  during  winter  (Fig.  13)  than 
during  summer  (Fig.  12).  However,  critical  depth  lay  far  deeper  in  the  water  column 
during  summer  than  during  winter  due  to  the  effects  of  near-surface  summer  warming 
along  the  entire  cross-section.  Summer  critical  depth  varied  from  2340  m  on  profile 
1  to  4190  m  on  profile  4  and  then  intersected  the  bottom  at  about  35°S  (range  of 
about  775  nmi ) .  Winter  critical  depth  varied  from  the  surface  on  profile  1  to  4080  m 
on  profile  5  and  then  intersected  the  bottom  at  about  33°S  (range  of  about  950  nmi). 
The  upslope  decrease  in  winter  critical  depth  at  ranges  greater  than  about  900  nmi 
is  due  to  near-bottom  sound  speed  changes  such  as  those  seen  on  winter  profile  6. 
These  changes  most  likely  are  caused  by  the  effects  of  AABW. 

The  MIW  high  salinity  core  was  observable  on  most  of  the  summer  and  winter 
sound  speed  profiles  used  to  construct  Figures  12  and  13.  The  exception  profiles 
are  the  last  profile  for  both  sections  (summer  profile  6  and  winter  profile  7).  MIW 
would  not  be  expected  on  either  profile  due  to  the  position  of  both  profiles  in 
shallow  water  near  the  Brazil  coast  (see  Fig.  4).  On  the  summer  cross-section,  the 
MIW  core  depth  ranged  from  2300  m  on  profile  1.  On  the  winter  cross-section,  the 
depth  of  the  MIW  core  ranged  from  a  depth  interval  of  1250-2000  m  on  profile  1  to  a 
depth  of  2390  m  on  profile  2,  and  had  a  maximum  depth  of  2490  m  on  profile  6.  The 
rapid  rise  in  the  depth  of  the  MIW  high  salinity  core  between  about  45°S  and  50°S 
(i.e.,  between  winter  profiles  1  and  2)  clearly  shows  the  effect  of  the  Antarctic 
Convergence  and  intermixing  between  AAIW  sinking  as  it  flows  from  the  south  with 
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MIW.  This  process  has  been  described  in  some  detail  for  the  western  South  Atlantic 
Ocean  by  Reid,  Nowlin,  and  Patzert  (1977).  In  general,  a  mixture  of  AAIW  and  MIW  or 
the  presence  of  MIW  below  the  AAIW  low  salinity  core  results  In  higher  sound  speed 
structures  In  the  western  South  Atlantic  than  those  found  at  similar  latitudes  east 
of  the  Mid-Atlantic  Ridge,  largely  because  both  MIW  and  AAIW  have  primary  flows  west 
of  the  Mid-Atlantic  Ridge  (see  Figs.  3  and  4). 

The  primary  flow  of  AABW  at  depths  greater  than  3500  m  also  lies  west  of  the 
Mid-Atlantic  Ridge  (see  Fig.  5).  AABW  has  a  near-bottom  effect  on  many  of  the  sound 
speed  profiles  used  to  construct  Figures  12  and  13.  Generally,  AABW  causes  lesser 
near-bottom  sound  speeds  throughout  the  western  South  Atlantic.  This  effect  Is 
present  along  sound  speed  cross-section  C  during  both  seasons.  The  most  Irregular 
near-bottom  sound  speed  effects  along  cross-section  C  appear  on  summer  sound  speed 
profile  5  (Fig.  12)  ^nd  winter  sound  speed  profile  16  (Fig.  13).  Summer  sound  speed 
profile  5  at  32°0l'S  46°07'W  is  perhaps  the  most  irregular  profile  along  the 
cross-section  below  a  depth  of  about  3000  m.  On  this  profile,  the  sound  speeds  at 
3000  m  and  3500  m  are  virtually  identical  (approximately  1513  m/sec)  and  apparently 
are  the  result  of  AABW  mixing  with  the  bottom  of  the  MIW  layer  (i.e.,  intermixing  at 
a  depth  of  about  3000  m).  The  resulting  water  mass  is  extremely  dense  and  is  re¬ 
ferred  to  as  Lower  North  Atlantic  Deep  Water  by  Reid,  Nowlin,  and  Patzert  (1977).  A 
similar,  irregular,  near-bottom  sound  speed  profile  also  is  found  on  winter  cross- 
section  C  (Fig.  13)  on  sound  speed  profile  6  (at  32°09'S  46°21'W).  In  this  case, 
the  sound  speed  varies  from  1512.0  m/sec  to  1512.9  m/sec  between  depths  of  2990  m 
and  3490  m.  In  the  opinion  of  the  author,  both  near-bottom,  irregular,  sound  speed 
gradients  are  caused  by  the  mixing  of  AABW  with  the  bottom  of  the  MIW  layer  at 
depths  below  about  3000  m. 

VIII.  COMPARISON  OF  SOUND  SPEED  AND  TEMPERATURE  SALINITY 

STRUCTURE  ALONG  CROSS-SECTION  B 

As  previously  mentioned,  cross-section  B  (see  Fig.  11)  represents  the  most 
important  region  in  the  western  South  Atlantic  Ocean  in  terms  of  both  sound  speed 
and  water  mass  variability.  Figure  14  shows  a  winter  sound  speed  composite  along 
cross-section  B.  A  composite  of  temperature-salinity  (T-S)  diagrams  along  this  same 
cross  section  is  shown  in  Figure  15,  In  Figure  15,  the  T-S  diagram  for  winter  pro¬ 
file  14  is  not  shown.  However,  this  T-S  diagram  is  nearly  identical  to  that  for 
winter  profile  12.  This  would  be  expected  since  both  profiles  12  and  14  lie  within 
the  Equatorial  Atlantic  (i.e.,  north  of  10°S  latitude).  A  comparison  of  Figures  14 
and  15  shows  an  extremely  large  amount  of  sound  speed  and  T-S  variability  throughout 
the  water  column  between  45°S  latitude  and  the  Equator  along  30°W  lonqitude.  This 
variability  is  most  pronounced  at  che  surface,  at  the  depth  of  the  DSC  axis,  and  at 
corrected  bottom  depth.  However,  variability  also  occurs  throughout  the  remainder 
of  the  water  column. 

The  surface  variability  in  sound  speed  structure  is  obviously  a  function  of 
the  surface  variability  in  temperature  and  salinity.  Such  variability  would  be  ex¬ 
pected  along  a  cross-section  that  extends  from  just  north  of  the  Antarctic  Conver¬ 
gence  to  the  Equator  and  crosses  the  cold  regime  of  the  Falkland  Current,  the  South 
Atlantic  Subtropical  Convergence,  the  warmer  regime  of  the  Brazil  Current,  and  fi¬ 
nally  ends  in  the  South  Equatorial  Current  (see  Fig.  2).  A  comparison  of  the  sound 
speed  profiles  1  and  12  (Fig.  14)  and  T-S  diagrams  1  and  12  (Fig.  15)  gives  a  good 
overall  view  of  sound  speed  and  T-S  variability  between  45°S  latitude  and  the  Equa¬ 
tor  in  the  western  South  Atlantic.  The  surface  sound  speeds  vary  from  1482  m/sec 
(profile  1)  to  1536  m/sec  (profile  12).  Surface  temperatures  vary  from  8.0B°C  (pro¬ 
file  1)  to  25.25°C  (profile  12).  As  shown  on  Figure  15,  near-surface  salinity  values 
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Figure  14.  Sound  Speed  Composite  for  Winter  Cross-Section  B 
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Figure  15.  Temperature-Salinity  Composite  for  Winter  Cross-Section  B 
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also  show  a  substantial  Increase  to  the  north  between  profiles  l  and  12.  However, 
the  highest  near-surface  salinity  shown  on  Figure  15  (greater  than  37.0*/oo  for  pro¬ 
file  8)  lies  at  17°04'S,  30°41'W,  south  of  the  mean  position  of  the  South  Equatorial 
Current  (see  Fig.  2).  The  location  of  profile  8  lies  closer  to  the  beginning  of  the 
Brazil  Current.  The  high  salinity  in  the  near-surface  layer  for  profile  8  may  be  the 
result  of  extreme  near-surface  evaporation  during  August  1963.  However,  as  shown  on 
Figure  14,  this  high  near-surface  salinity  for  profile  8  does  not  lead  to  higher 
near-surface  sound  speed  values. 

As  previously  mentioned,  the  depth  of  the  DSC  axis  roughly  corresponds  with  the 
depth  of  the  low  salinity  AAIW  core  along  all  of  cross-section  B.  On  Figure  15,  the 
AAIW  low  salinity  core  is  shown  by  a  strong  T-S  minimum  on  all  five  T-S  diagrams. 
For  profile  1,  the  AAIW  core  lies  between  300  m  and  700  m  at  a  uniform  salinity  of 
34.11°/oo.  However,  temperatures  at  the  AAIW  core  range  between  4.15°C  and  2.70°C. 
This  broad,  shallow  AAIW  core  at  a  position  south  of  the  South  Atlantic  Subtropical 
Convergence  (see  Fig.  3)  leads  to  a  very  shallow  and  low  sound  speed  DSC  axis  for 
profile  1  (see  Fig.  14).  Farther  north,  the  temperature  and  salinity  of  the  AAIW 
core  increases  as  the  core  sinks  deeper  into  the  water  column.  For  profile  4,  the 
AAIW  core  lies  at  628  m  with  a  temperature  of  5.10°C  and  a  salinity  of  34.20%o.  For 
profile  6,  the  AAIW  core  has  sunk  to  880  m  with  a  temperature  of  4.19°C  and  a 
salinity  of  34.32°/oo  •  Salinity  at  the  AAIW  core  continues  to  increase  as  the  AAIW 
core  mixes  with  the  remainder  of  the  intermediate  water  column,  including  the  top  of 
the  high  salinity  MIW  layer.  This  latter  mixing  has  been  discussed  for  the  western 
South  Atlantic  in  detail  by  Reid,  Nowlin,  and  Patzert  (1977).  In  the  opinion  of  the 
author,  the  change  in  the  depth,  width,  temperature,  and  salinity  of  the  AAIW  core 
is  the  primary  cause  for  the  variety  in  the  depth  and  sound  speed  of  the  DSC  axis 
found  along  cross-section  B  and  throughout  the  remainder  of  the  western  South  Atlan¬ 
tic  Ocean. 

Below  the  depth  of  the  DSC  axis  and  the  AAIW  low  salinity  core,  sound  speed 
variability  along  cross-section  8  is  somewhat  less  until  corrected  bottom  depth  is 
reached.  However,  variability  still  exists  between  various  sound  speed  profiles 

shown  on  Figure  14  due  to  the  effects  of  the  MIW  high  salinity  core.  As  previously 

mentioned,  the  MIW  high  salinity  core  is  found  along  the  extent  of  cross-section  B, 
hut  varies  in  depth  between  45°S  latitude  and  the  Equator  (see  Fig.  4).  On  Figure 
15,  the  MIW  core  is  indicated  by  a  T-S  maximum  on  each  of  the  winter  profile  T-S 
diagrams.  The  temperature  and  salinity  values  at  the  MIW  core  vary  along  cross- 
section  B  between  profiles  1  and  12  by  a  substantial  magnitude.  For  profile  1,  the 

MIW  core  is  found  at  2328  m  and  2816  m  at  temperatures  between  2.39°C  and  1.76°C  and 

at  a  uniform  salinity  of  34.69%o  .  For  profile  4,  the  MIW  core  is  found  at  2359  m 
at  a  temperature  of  2.95°C  and  a  salinity  of  34.85°/<»  .  Both  the  temperature  and 
salinity  of  the  MIW  core  continue  to  increase  to  the  north  along  cross-section  B  un¬ 
til,  on  profile  12,  the  core  is  found  at  1980  m  at  a  temperature  of  3.31°C  and  a 
salinity  of  34.97°/oo  •  These  changes  in  the  depth,  temperature,  and  salinity  at  the 
MIW  core  are  responsible  for  most  of  the  variability  in  sound  speed  structure  shown 
on  Figure  14  between  the  depth  of  the  DSC  axis  and  about  3000  m. 

Below  about  3000  m  depth,  the  sound  speed  variability  shown  on  Fiqure  14  is 
largely  due  to  the  effects  of  low  salinity  AABW  flowing  north  from  the  Antarctic 
Convergence  across  the  Argentine  and  Brazil  Plains.  As  previously  indicated,  the 
primary  northward  flow  of  this  near-bottom  water  mass  in  the  South  Atlantic  Ocean  is 
to  the  west  of  the  Mid-Atlantic  Ridge  (see  Fig.  5).  The  variability  in  the  tempera¬ 
ture  and  salinity  values  of  this  water  mass  along  cross-section  B  is  clearly  shown 
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for  profiles  1,  6,  7,  8  and  12  in  Figure  15.  All  the  six  T-S  diagrams  used  to  con¬ 
struct  Figure  15  have  been  extended  to  the  corrected  bottom.  At  corrected  bottom, 
the  temperatures  of  the  AABW  flow  vary  from  0.21°C  for  profile  1  to  0.58°C  for  pro¬ 
file  12.  The  AABW  temperature  for  profile  14  (not  shown  on  Figure  15)  Is  0.76°C.  The 
near-bottom  salinity  of  AABW  for  profile  14  at  a  shallower  corrected  bottom  depth 
(3910  m)  is  34.72 °/oe  ,  since  this  profile  is  located  on  the  southern  side  of  the 
Rio  Grande  Plateau  (see  Fig.  11).  However,  as  indicated  on  Figure  14,  even  sound 
speed  profile  6  shows  the  near-bottom  effects  of  the  northward  AABW  water  mass.  In 
fact,  the  sound  speed  effects  of  the  near-bottom  AABW  water  mass  are  apparent  on  all 
the  sound  speed  profiles  shown  on  Figure  14.  These  AABW  effects  are  most  apparent  on 
sound  speed  profiles  1,  4,  and  6,  all  of  which  lie  south  of  the  Rio  Grande  Plateau. 
However,  AABW  effects  on  near-bottom  sound  speed  structure  are  also  apparent  for 
profiles  7  and  8  that  lie  over  the  Brazil  Plain  on  either  side  of  the  Victoria  Sea¬ 
mounts  Rise.  The  AABW  effects  on  the  near  bottom  sound  speed  structure  for  profile 
12  are  not  as  pronounced  as  those  for  sound  speed  profiles  7  and  8,  but  as  shown  in 
the  T-S  diagram  for  profile  12,  AABW  is  present  over  the  northern  Brazil  Plain  (also 
see  Fig.  5).  lhe  near-bottom  AABW  effects  on  sound  speed  profile  14  (located  over 
the  Ceara  Plain  just  south  of  the  Romanche  Fracture  Zone  at  1°50'S,  30°26'W)  appar¬ 
ently  are  the  effects  of  intermixing  between  the  bottom  of  the  MIW  flow  and  the  top 
of  the  AABW  flow.  Similar  intermixing  has  been  observed  over  the  Argentine  Plain  by 
Reid,  Nowlin,  and  Patzert  (1977)  and  would  be  expected  south  of  the  Romanche  Frac¬ 
ture  Zone  as  the-  primary  northward  flow  of  AABW  turns  to  the  west  to  enter  the  At-, 
lantic  Ocean. 

IX.  SUMMARY  OF  SOUND  SPEED  VARIABILITY  IN  THE  WESTERN  SOUTH  ATLANTIC 


As  indicated  in  t!ie  preliminary  report  on  the  sound  speed  structure  of  the 
South  Atlantic  Ocean  (Fenner,  1981),  sound  speed  composites  are  frequently  the  best 
indicators  of  sound  speed  variability  along  a  baseline.  This  has  been  proven  true 
in  other  oceanic  areas  such  as  the  North  Atlantic  Ocean  and  the  North  Indian  Ocean 
by  the  author  and  others.  For  the  western  South  Atlantic,  three  sound  speed  compos¬ 
ites  have  been  constructed  to  summarize  sound  speed  variability  west  of  the  Mid- 
Atlantic  Ridge.  These  composites  are  along  winter  cross-section  B  (Fig.  14),  summer 
cross-section  A  (Fig.  16),  and  winter  cross-section  A  (Fig.  17).  All  three  compos¬ 
ites  show  that  significant  sound  speed  variability  extends  throughout  the  water  col¬ 
umn  in  the  western  South  Atlantic  Ocean,  but  that  the  variability  is  most  pronounced 
in  the  upper  water  column  (i.e.,  above  the  depth  of  the  DSC  axis  in  the  region  of 
the  therinocl ine). 

In  the  upper  water  column,  the  sound  speed  variability  is  both  temporal  and 
spatial  in  nature,  as  would  be  expected  in  the  region  of  the  thennocl i ne .  This 
variability  is  best  seen  by  comparing  the  summer  and  winter  sound  speed  composites 
along  cross-section  A  (Figs.  16  and  17).  During  summer  (Fig.  16),  all  sound  speed 
profiles  north  of  about  38°S  latitude  (summer  profiles  2,  3,  6,  8,  12  14,  and  16) 
have  near-surface  sound  speeds  greater  than  1520  m/sec  due  to  near-surface  warming. 
Summer  sonic  layer  depths  along  cross-section  A  are  less  than  100  m.  Only  summer 
sound  speed  profile  1  (located  at  44°00'S,  51°00'W)  has  a  near-surface  sound  speed 
less  than  1520  m/sec,  and  this  profile  is  located  south  of  the  South  Atlantic  Sub¬ 
tropical  Convergence  in  the  cold  water  regime  of  the  Falkland  Current.  During  winter 
(Fig.  17),  only  sound  speed  profiles  6,  7,  9,  and  11  have  near-surface  sound  speeds 
greater  than  1520  m/sec.  All  four  of  these  profiles  lie  north  of  30°  latitude  with¬ 
in  the  warm  water  regime  of  the  Brazil  Current  and  are  considerably  north  of  the 
South  Atlantic  Subtropica1  Convergence.  Sonic  layer  depths  along  cross-section  A 
during  winter  are  generally  deeper  than  those  during  summer  due  to  the  effects  of 
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winter  near-surface  cooling  and  wind-induced  mixing  of  the  near-surface  layer. 
Similar  winter  effects  could  be  expected  throughout  much  of  the  western  South  At¬ 
lantic  Ocean,  particularly  in  the  region  south  of  the  Subtropical  Convergence. 

Along  cross-section  B  (Fig.  14),  the  winter  sound  speed  composite  in  the  upper 
mixed  layer  appears  to  be  somewhat  less  complex  than  that  along  winter  cross-section 
A  (Fig.  17).  This  is  probably  due  to  the  longitudinal  position  of  cross-section  B. 
Cross-section  B  lies  well  to  the  east  of  the  highly  complex  oceanographic  regime  lo¬ 
cated  throughout  the  upper  water  column  off  the  South  American  coast.  This  upper 
water  column  regime  is  a  function  of  mixing  of  the  colder  Falkland  Current  and  the 
warmer  Brazil  Current  (see  Fig.  2),  and  is  particularly  complex  in  the  South  Atlan¬ 
tic  Subtropical  Convergence  zone.  Within  the  Subtropical  Convergence  zone,  the  com¬ 
plex  oceanographic  structure  extends  throughout  the  upper  1000  m  of  the  water  column 
and  causes  much  more  variable  sound  speed  structures.  Due  to  the  location  of  the 
Falkland  and  Brazil  Currents  just  off  the  South  American  coast,  sound  speed  vari¬ 
ability  would  be  expected  to  be  greater  along  cross-section  A  than  along  cross- 
section  B  during  either  summer  or  winter.  Even  more  variability  in  sound  speed 
structure  would  be  expected  in  the  upper  water  column  along  cross-section  C  that 
runs  south  to  north  along  46°30'W.  However,  no  sound  speed  composites  have  been 
constructed  for  cross-section  C  for  either  summer  or  winter. 

As  shown  on  the  cross-section  A  and  cross-section  B  sound  speed  composites,  the 
depth  of  the  DSC  axis  varies  from  less  than  300  m  to  about  1100  m  in  the  western 
South  Atlantic  Ocean.  Along  both  cross-sections,  the  depth  and  sound  speed  of  the 
DSC  axis  are  generally  controlled  by  the  northward  flow  of  the  AAIW  low  salinity 
core.  As  shown  on  Figure  3,  the  predominant  flow  of  this  water  mass  in  the  South 
Atlantic  Ocean  is  west  of  the  Mid-Atlantic  Ridge  at  depths  less  than  1000  m.  Changes 
in  the  depth,  width,  and  T-S  structure  of  the  AAIW  core  apparently  are  the  primary 
causes  for  variation  in  the  depth  and  sound  speed  structure  of  the  DSC  axis 
throughout  the  western  South  Atlantic  Ocean. 

Between  the  depth  of  the  DSC  axis  and  about  3000  m,  sound  speed  variability 
along  cross-sections  A  and  B  is  primarily  due  to  changes  in  the  depth,  width,  and 
T-S  structure  of  the  MIW  high  salinity  core.  As  shown  on  Fiqure  4,  the  predominant 
southward  flow  of  this  water  mass  in  the  South  Atlantic  Ocean  also  is  west  of  the 
Mid-Atlantic  Ridge  for  regions  north  of  the  South  Atlantic  Subtropical  Convergence 
zone.  When  present,  the  MIW  high  salinity  core  causes  higher  sound  speed  value  than 
those  that  occur  in  the  absence  of  this  water  mass.  The  MIW  high  salinity  core  also 
can  cause  sound  speed  perturbations  at  depths  between  about  1750  m  and  2500  m.  Per¬ 
turbations  of  this  nature  are  found  on  both  the  cross-section  A  and  cross-section  B 
sound  speed  profile  composites. 

Below  a  depth  of  about  3000  m,  the  near-bottom  sound  speed  variation  in  the 
western  South  Atlantic  is  far  greater  than  that  encountered  in  the  North  Atlantic 
Ocean  or  the  east  of  the  Mid-Atlantic  Ridge.  This  variability  is  largely  due  to  the 
effects  of  low  salinity  AA8W  flowing  north  from  the  Antarctic  Convergence  across 
both  the  Argentine  and  Brazil  Plains  (see  Fig.  5).  AABW  effects  in  lowering  the 
near-bottom  sound  speed  gradients  are  most  apparent  south  of  the  Rio  Grande  Plateau 
(30°S  latitude)  on  both  the  cross-section  A  and  cross-section  B  sound  speed  compos¬ 
ites.  However,  AABW  effects  can  occur  In  the  near  bottom  region  as  far  north  as  the 
Equator. 
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20.  ABSTRACT  (Continued) 

values  of  the  depth  of  the  deep  sound  channel  axis  and  critical  depth.  These 
differences  undoubtedly  have  significant  effects  on  acoustic  propagation.  This 
report  examines  western  South  Atlantic  sound  speed  variability  along  three 
cross-sections  for  both  summer  and  winter,  relates  variability  in  sound  speed 
structures  to  surface  currents,  the  Antarctic  Intermediate  Water,  Mediterranean 
Intermediate  Water,  and  Antarctic  Bottom  Water  core  flows  west  of  the  Mid- 
Atlantic  Ridge,  and  defines  the  number  of  observations  deeper  than  the  depth 
of  the  deep  sound  channel  axis  during  both  summer  and  winter  for  the  entire 
South  Atlantic  Ocean  between  the  Equator  and  45°S  latitude. 
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